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GridFTP Usage Log
Analysis

® Purpose: characterize wide area data movement
® Obtained logs from

® NERSC-ORNL (Sept.2010)

® NERSC-ANL (Mar.4 - Apr.22,2012)
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GridFTP Usage Log
Analysis

1 DATE=20121014120031.536839 HOST=dtn@2.nersc.gov PROG=globus-gridftp-server
NL.EVNT=FTP_INFO START=20121014120003.275074 USER=zl4ef FILE=/dev/zero BU
FFER=1048576 BLOCK=262144 NBYTES=21494235136 VOLUME=/ STREAMS=1 STRIPES=1
DEST=[134.79.198.146] TYPE=RETR CODE=226

® The usage log provides useful information such as:

® Number of bytes transferred
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Session Analysis

® Question:in spite of increasing
rates (which means shorter
transfer durations), are
transfer sizes large enough to
justify VC setup overhead!?

#!/usr/bin/tcsh -v

setenv LID "“date +¥y¥mid-%HEMES™ "
set yrlist = "0120 9121"
set CASE = "LRIE@3"
echo 'file transfer log' >& logs/copy2frost.log.$LID
foreach yr (${yrlist})

set dirlist = "atm 1nd cpl ice ocn"
# set dirlist = "atm 1nd cpl ice”
# set dirlist = "lnd cpl ice ocn”
# set dirlist = "ocn"
# set dirlist = "ice"

foreach dir (${dirlist})
el S e ; e Ak date >> logs/copy2frost.log.$LID
S ARRE R T AL SN e by T find ${dir} -name "*${yr}*" -exec

= e DA A iR globus-url-copy -vb -tcp-bs 2048KB -stripe -p 36

gsiftp://gridftp.nics.utk.edu/lustre/scratch/jdennis
/archive/${CASE}/" {}"'
gsiftp://frost.ncar.teragrid.org/ptmp/dennis/${CASE}
/'{3" \; > logs/copy2frost.log.$LID

® Our initial finding: transfers
are short lived

end



Session Analysis

® Applies to transfers between
the same two hosts. (i.e. same
IP routed path)

transfer

® Batch transfers can be T

. . ' | Transfer 3 ,
“merged” into sessions for X Frarsers ]

. !
analysis purposes g —
® Transfers in a session:

® overlap each other

® small gap ( denoted as g)
between back-to-back
transfers
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Session Analysis

® |ong lived (>10min, defined as |0x the VC setup delay
used in ESnet) sessions would justify the use of VC

® However, durations may shorten under high
throughput (if VC improves throughput)
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Session Analysis

® Pick g = Imin, the currentVC setup delay

TABLE I: NCAR-NICS sessions and transfers; g = 1 min TABLE II: SLAC-BNL sessions and transfers; g = 1 min

Characterization of session sizes, in MB Characterization of session sizes, in MB

" Median | Mean — Min_ | ItQu. | Median | Mean | 3d Qu. | Max |
8,793 (bytes) | 5,808.7 | 70,708.4 | 263,771.4 | 320,600 | 2,873,868.5 812 (bytes) 1,195 | 24,045 12,037,604

Characterization of session durations, in s Characterization of session durations, in s

8.92 95,080

Characterization of transfer throughput, in Mbps Characterization of transfer throughput, in Mbps

1StQu. | Median | Mean | 3rdQu. |  Max | 3rd Qu.
6322 11238 183.1
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Session Analysis

® Pick g = Imin, the currentVC setup delay

TABLE I: NCAR-NICS sessions and transfers; g = 1 min TABLE II: SLAC-BNL sessions and transfers; g = 1 min

Characterization of session sizes, in MB Characterization of session sizes, in MB
812 (bytes) 1,195 24,045 12,037,604

Characterization of session durations, in s

g - -
B 1895 | 5892 | 3159 | 1511 95,080

Characterization of transfer throughput, in Mbps Characterization of transfer throughput, in Mbps
 Min__ [ IstQu | Median | Mean | 3 Qu. [ Max___ Median 3d Qu. | Max.__
2.1 (bps) 468.3 506.1 682.2 4,227 22.57 112.8 130.4 183.1 | 2560 |

® largest session in SLAC-BNL: ~I12TB @ 1.06Gbps

® |ongest Session in NCAR-NICS:2.4TB, |3 hrs and 24 mins, 41 0Mbps
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Session Analysis

® Pick g = Imin, the currentVC setup delay
e NCAR - NICS

® 52454 transfers -> 211 sessions

® 56.87% sessions (9054% transfers) TABLE IV: Percentage of sessions suitable for using VCs
would have lasted > |10mins if they \perceniage of transiess)
have high throughput (defined as 3rd | NCARdataset [ SLAC data set

g setup delay | min 50 ms 1 min 50 ms
quartlle) 9 0.12% 87.09% 1.95% 52.58%
g~ (2.14%) (89.33%) (39.41%) (89.68%)
| 56.87% | 92.89% | 12.54% | 93.56%
o LA - g = 1 min EniyE g i
S C BNL g ; (90.54%) | (98.04%) | (78.38%) | (99.73%)
PRI RN S A A . WY o BT Y N o O (Y P S Y LT 2 62.16% 9459% | 15.93% 94.47%

' B L“.‘-..n. 0 o : A .
o s 12 .-- | Y .<- YO 0O o ep Sl S Feanie A1) 100 - i - ‘ _— g = <& min

(90.71%) (98.17%) (85.49%) (99.85%)
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Throughput
Characterization

® Question: are science data transfer rates high or
still low?

® Max. throughput:

e NERSC-ORNL: 3.64 Gbps
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Throughput Variance

® Significant variance observed

® NCAR-NICS: CV = 63.05%
o SLAC-BNL:CV = [15.24%

TABLE I: NCAR-NICS sessions and transfers; ¢ = 1 min TABLE II: SLAC-BNL sessions and transfers; g = 1 min

Characterization of session sizes, in MB Characterization of session sizes, in MB

812 (bytes) 12,037,604

Characterization of session durations, in s
18.95 58.92 315.9 1511 95,080

Characterization of transfer throughput, in Mbps

: Min. st Qu. dian | Mean | 3rd Qu. |  Max.
506.1 682.2 4227 X : : 130.4 183.1 2,560
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Throughput Variance

® Significant variance observed

® NCAR-NICS: CV = 63.05%
o SLAC-BNL:CV = [15.24%

TABLE I: NCAR-NICS sessions and transfers; ¢ = 1 min TABLE II: SLAC-BNL sessions and transfers; g = 1 min

Characterization of session sizes, in MB Characterization of session sizes, in MB

8,793 (bytes) | 5,808. ;7084 | 263,771.4 | 320,600 812 (bytes) 1,195 | 24,045 12,037,604

Characterization of session durations, in s

Characterization of transfer throughput, in Mbps

— Min_ [ 1stQu [ Median | Mean [ 3rdQu
21 (bps) | 298 | 4683 506.1 682.2 4,227
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Throughput Variance

® Significant variance observed

® NCAR-NICS: CV =63.05%

¢ SLAC'BNL CV = I I 524% TABLE V: The 32GB NERSC-ORNL transfers (145)

® We identified a subset of 145 e — Tisooghect (ibpe) ]

32GB transfers between (TstQu. | 1412 |

Median 183.4

NERSC and ORNL I

® Even though these transfers
occurred across the same
path, there was considerable
variance

UNIERSITY o4



Throughput Variance

® Significant variance observed

® NCAR-NICS: CV =63.05%

¢ SLAC'BNL CV = I I 524% TABLE V: The 32GB NERSC-ORNL transfers (145)
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Throughput Variance

® 334 test transfers from ANL to NERSC
® 4 types: mem-mem (84), mem-disk (78), disk-mem(87), disk-disk(85)

ANL-NERSC Transfers

TABLE VI: Throughput of ANL-NERSC transfers (Mbps)

| mem-mem | mem-disk | disk-mem | disk-disk
| Min | 3089 | 2024 | 2974
Ist Qu. | 1149 599.6 1265

“Median | 1472 | 8190 | 1569
| Mean | 1463 7896 | 1563
3rd Qu. | 1772 1007 1851
Max | 2706 1354 | 2529
CcV 31.63% | 30.80%

]
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Throughput Variance

® 334 test transfers from ANL to NERSC
® 4 types: mem-mem (84), mem-disk (78), disk-mem(87), disk-disk(85)

ANL-NERSC Transfers

TABLE VI: Throughput of ANL-NERSC transfers (Mbps)

| mem-mem | mem-disk | disk-mem | disk-disk
| Min | 3089 | 2024 | 2974
' Ist Qu. | 1149 599.6 1265

Throughput (Mbps)

Median | 1472 8190 | 1569
\

 Mean | 1463 | 7896 | 1563 |
3rdQu. | 1772 | 1007 | 1851
Max 2706 1354 2529

mem-mem mem-dsk dsk-mem




Throughput Variance

® Potential factors impacting throughput
® GridFTP configuration
® number of parallel TCP streams

4@ number of strlpes (servers)
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Throughput Variance

’ 8 streams
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Fig. 3: Throughput of 8-stream and 1-stream transfers of size
(0, 1GB)

Analysis on SLAC-BNL data set suggests multiple TCP streams result in higher throughput for small files,
possibly due to Slow Start

For larger sizes, the throughput is roughly the same, suggesting packet losses are rare if any
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Throughput Variance

“Stripe” in GridFTP context: multiple servers participating in transfer

Data from NCAR - NICS data set seems to suggest dependence of throughput on number of stripes

TABLE VIII: Throughput of 16GB/4GB transfers in NCAR data set (Mbps)

Year based analysis of_IGGB transfers
| No. of Transfers | Min | 1st Qu. | Median ~3rd Qu. | Max ’ Standard Deviation
1076 10. 79 707.3 889.3 1075 1543 | 294.17

233 5165 | 6192 | 6517 | 7429 | 1150 |
12 441.73 | 480.71 | 538.77 | 539.1 57539 | 652.07 | 66.92
Year based analysis of 4GB transfers
No. of Transfers 1st Qu. | Median | Mean | 3rd Qu. | Max | Standard Deviation
853 4.14 593.1 | 873.1 849.2 1125 1587 | 366.01
247 72.99 767 977.1 | 903.1 1083 | 1209 | 225.09
37 296.27 | 376.13 | 497.81 | 475.63 5566 | 637.13 | 101.12

TABLE IX: Throughput of 16GB/4GB transfers in NCAR data set (Mbps)

Stripes based analysis of 16GB transfers
| _No. of Stripes | No. of Transfers | Mi st Qu. | Median Standard Deviation |
1 . 541.75 69.88
2 . 52 | 714 . 212.34
3 | 7487 | 976 . 1150 306.96
j Smpcs based analvsns of 4GB transfers
| No. of Stripes | No. of Transfers | ! st Qu. ) 3rd Qu.
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Throughput Variance

® GridFTP provides a parameter called “-fast”, which reuses TCP connection for
transfers of directories

® Since the usage log does not record the presence (or lack thereof) of this
option, we conducted experiment on a testbed

® Link capacity: |0 Gbps; RTT: 48.8ms

® Test cases:
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Throughput Variance

Small: 128 x 64MB
Medium: 32 x 256MB
Large: 8 * 1GB

The impact of reusing TCP connection is obvious, esp. on high BDP path

%&I’{AY 22/ 41



Throughput Variance

® ESnet routers provide SNMP data of byte counters at a 30s interval

® Estimate total number of bytes from SNMP counter data:

TABLE XI: Correlation between GridFTP bytes and total
number of bytcs B; (NERSC-ORNL)

ol ]
Ist Qu 0677 0604 0.719 0750 0749
0371 |

0. 782 0 872 0 797 | 0. 789 0 790

0.902 0919 | 0918 | 0.918

High correlations suggest GridFTP traffic are dominating

* SNMP data obtained with help from Chris Tracy, Jon Dugan, Eric Pouyoul, Brian Tierney and other ESnet support staffs

RGINIA
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TABLE XII: Correlation between GridFTP bytes and bytes
from other flows (NERSC-ORNL)

. rtl rt2 ,. 3 rt4
Ist Qu. 0.254 0.188 | 0.429 | 0.505

-
0.
.
0.527 |

Low correlations suggest other traffic is not causing throughput variance

23/ 41



Throughput Variance

® Concurrent transfers

1 5§90 14 20 26 32 38 4 50 56 62 68 74 80

Transfor No

Fig. 8: Actual and predicted throughput values for memory-
to-memory transfers from ANL to NERSC (p = 0.2513)
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Tool Development for
Variance Study

® We developed tools for collecting usage/performance data
on servers.

® top/mpstat measures the CPU usage
® tcphdumpltcptrace analyzes TCP packet loss

® Controlled experiments were run on ANI LIMAN testbed
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NERSC - SLAC
Experiments

® Between NERSC and SLAC DTNs
® Link Capacity: |0Gbps

® At every hour

® a memory to memory transfer runs from NERSC to ANL for
30s




NERSC - SLAC
Experiments

® High correlation between CPU usage and throughput

NERSC -> SLAC|SLAC -> NERSC
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NERSC - SLAC
Experiments

® Linear Model: throughput ~ nersc_cpu + slac_cpu (NERSC -> SLAC transfers)

| |

30 40 S50 60 70 80

NERSC CPU Usage (%)

90

Throughput (Mbps)

| L L
30 40 S0 60 70

SLAC CPU Usage (%)

nersc_cpu

slac_cpu (intercept)

Estimates

29.347

58.293 155.472

Multiple R-squared: 0.9264, Adjusted R-squared: 0.9252
F-statistic: 736.8 on 2 and | |7 DF, p-value: < 2.2e-16

RGINIA
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NERSC - SLAC
Experiments

Linear Model: throughput ~ nersc_cpu + slac_cpu (SLAC -> NERSC transfers)

NERSC CPU Usage (%)

Throughput (Mbps)

SLAC CPU Usage (%)

nersc_cpu

slac_cpu

(intercept)

Estimates

39.203

152.655

-2427.486

Multiple R-squared: 0.885, Adjusted R-squared: 0.883 |
F-statistic: 480.8 on 2 and 125 DF, p-value: < 2.2e-16

RGINIA
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DOE ANI 100G
Testbed - Overview

e  Two sites: NERSC and ANL Available as of Jan 3, 2012
ANI 100G Testbed

° Each site has 3
performance testing hosts:
“diskpt”s and “mempt’’s

° Each host has 4 10 GbE ' ANI 100G Network
interfaces

Notw: AN 100G souters and 1000 wive waiiie 1B summes 2012,
Tesed rescurces wler that subject unding weadabslity

Upduted Masch 1, 2012
33

U.S. Department of Energy | Office of Science

*Brian Tierney’s DOE Pl meeting talk, March 1-2,2012
Work done by Eric Pouyol and Brian Tierney, ESnet
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DOE ANI 100G
Testbed - Overview

®  Two sites: NERSC and ANL
° Each site has 3 performance testing hosts: “diskpt”s and “mempt”s

® Each host has 4 10 GbE interfaces

nersc-ani

— o
"-

10/1/3

-

ethd
eths
anl-

m mempt-3
ethS

*Brian Tierney’s DOE Pl meeting talk, March 1-2,2012
Work done by Eric Pouyol and Brian Tierney, ESnet
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TCP Behavior on 100
Gbps Paths

° ran nuttcp benchmark for 20 hours; utilized all 24 interfaces on all 6 performance testing hosts

° achieved around aggregated throughput of 98.67 Gbps

° no errors reported by SNMP

SNMP counters from NERSC and ANI 100G routers

Lg%gRGERSINTﬁY 34/ 41



TCP Behavior on |
Gbps Paths

° Reason for 0 errors: Forward error correction in Ciena 6500s

° Before Ethernet frames are encapsuled in ODUA4, FEC codes are added
L Pre-FEC Bit Error Rate can be as high as

° Post-FEC Bit Error Rate: in the order of

° At full 100 Gbps, we can only transfer bits in 24 hours

ALU Router ALU Router
(nersc-ani) (anl-ani)

1 Post-FEC BER: 1e-37
Short Reagh (< 12m) Short Reagh (< 12m)

ODU4 (with FEC)

Ciena 6500 () () Ciena 6500

Adding FEC Pre-FEC BER: 1e-3

* explained to us by Chris Tracy, ESnet

RGINIA
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GridFTP Integration with
RoCE and IDC Client

® GridFTP throughput is highly dependent on
available CPU resources, especially on high
speed links




GridFTP Integration with
RoCE and IDC Client

° Inter Domain Controller Protocol (IDCP) is a web-service (SOAP) based protocol for dynamic
provisioning of network resources

° We are working with ESnet’s implementation, OSCARS, which provides a command line interface

|.Wrapper calls IDC Client

2.IDC Client creates a
reservation and requests a circuit
to be set up

IDC Server

3.IDC Server talks to domain
controllers and sets up the circuit

4.|DC Server notifies Client
5. Client notifies VWrapper

6.Wrapper launches GridFTP for
the actual transfer

7. Transfer starts

ITY 39/ 4l
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GridFTP “Dashboard”
GUI

® Visualizes GridFTP logs

Application Server

1
:
:
1
! Data Transfer Nodes | :
| | 1

|
|
|
|
|
|
|
|
|
|
|
) i ! Canned Report :
1
| | GridFTP Server | | - :
| | 1
: : : E
: : : Importer Real time Report ——» Database :
] | i
| § |
|
|

| | Logs (ASCII file) E : Queries
1 : :
e ——————————— 1

: Dashboard GUI

A
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Thank You




